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A CompARISON OF INFORMATION FuncTionNs oF MuLTipLE-CHOICE
AND FREE-RESPONSE VOCABULARY ITEMS

The multiple-choice item format used by most group tests of mental ability
allows testees to obtain correct answers by guessing when they do not know the
correct answer. This adds error variance to test scores or, in terms of modern
test theory (see Lord & Novick, 1968, chaps. 16-20), decreases the amount of
information that the item provides about ability levels.

Several attempts have been made to eliminate guessing by making its effects
less attractive: Formula scoring (Z.e., correction for guessing) subtracts
points for items answered incorrectly, making the expected gain from guessing
negligible; confidence weighting and probabilistic responding strategies
typically use Reproducing Scoring Systems (Shuford, Albert, & Massengill, 1966)
which cause testees' subjective test scores (Z.e., the score they think they
will get) to be maximized when they answer honestly. Another scoring technique
attempts to eliminate the effects of guessing by simply not scoring those items
on which a testee is likely to guess (Waller, 1974). These approaches and
others have been reviewed by Bejar (1975).

The research reported here was an attempt to eliminate the effects of
guessing by making it virtually impossible to obtain a correct answer to a
question solely by guessing. This was done by administering items in a free-
response format in which testees were required to generate their own response
instead of choosing from several alternatives that are provided. To be practical
as a group testing approach (Z.e., as an alternative to multiple-choice items),
these items had to be administered and scored by a computer.

The question of interest guiding this research was, therefore: Will the
information gained due to the elimination of guessing using the free-response
format be greater than the information lost due to inefficiencies in the machine-
scoring algorithm? Inefficiencies refer to things such as a higher probability
of errors in responses (e.g., typing errors) due to the more complex format, and
the need to group responses into categories because they are too numerous to
handle individually.

The answer to this question is obviously dependent on the domain of ability
being tested. There is practically no inefficiency in the scoring of free-
response numerical items; thus, these items do not provide an interesting area
of study. Vocabulary items, in which the responses are English words, provide
a more interesting area of study because information will be lost due to
misspelling, categorizastion, etc. The objective of this study was, therefore,
to determine if a machine-scoring algorithm could be implemented to extract more
information out of free-response vocabulary items than was obtained from those
administered in a multiple-choice format.

Method

Purpose

This study involved a comparison of vocabulary test items administered in a
free-response format with similar vocabulary items administered in a multiple-choice




format in terms of the amount of information each provided regarding a testee's
level of ability. Toward that end, 20 five-alternative multiple-choice items

were randomly sampled from a 36-item conventional test with rectangularly
distributed item difficulties used as part of another study. These items were
obtained from Educational Testing Service and had been used in their SCAT and

STEP tests; the items had thus been carefully analyzed and were good multiple-
choice items. The stem words from these items provided the stems for 20
free-response items. In the free-response items, testees were asked to respond
with a synonym rather than indicating their choice of multiple-choice alternative.

Testees

In order to provide data from which to calibrate these items and thus deter-
mine their information functions, testees were recruited from two sections of
an introductory psychology class at the University of Minnesota consisting pri-
marily of sophomores from the College of Liberal Arts. Test items were presented
to testees via cathode ray terminals (CRTs) interfaced to a Hewlett-Packard 9600E
real-time minicomputer system. Items were displayed at a rate of 960 characters
per second (almost instaantaneously) beginning, typically, less than a second after
the testee's response to the previous item. Testees could skip items by typing
in a "?" as their response if they did not know the answer and chose not to guess.

Tests

Both the 20-item free-response test and the 20-item multiple-choice test
were administered to all students. In all cases, the free-response test was
administered first (following other multiple-choice items which were independent
of those used in this study) followed immediately by the multiple-choice test
imbedded in the 36-item test. The multiple-choice test was administered second
to avoid providing the testees with alternatives to use in the free-response

test (since all the free-response items were present as stems in the multiple-
choice test).

At the beginning of the free-response test, each testee was given the
following instructions on the CRT:

Now you are going to be given some vocabulary test questione which
are different from those you've answered eo far. These questions will
not require you to choose the correct response from a set of alternmatives.
Instead, you are to type in a one-word response. The computer will present
a word or phrase and you are to respond by typing, on the keyboard, the
eingle word that ie most alike in meaning to that word or phrase.

For example, the computer might present the word "wealthy", followed
by a question mark. If you thought the word most similar to "wealthy"
wae "rich", you would respond by typing the word "rich" after the question

When the word "wealthy" appears, type in the word "rich" after the
question mark to show that you understand the instructioms. If you do not
understand the inetructions, type in a question mark. Remember that you
must alwaye preee the return key when you have finished typing in your
response.
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If testees failed to enter the word "rich", they were given instructions
to call the proctor for assistance. Otherwise, the following message was

presented:

Now you are ready to take this part of the test. If you do not
know the answer to a question, type in a question mark to skip that questionm.

Type in "Go" to start the test.

At the end of the free-response test, the following transition back to
more multiple-choice items was made:

Thank you. That was the last question of that type. Now, for the
last part of today's test we are going to give you some more multiple-choice
vocabulary questions. Some of these questions will contain the same words
you encountered in the section you just finished. These questions are being
repeated so that we can compare how well you do when we don't provide the
alternatives. When answering these questions, choose the best alternative
from the five available even if none of these alternatives seem as good as
your own response.

Type in "Go" to start this section of the test.

Following the 36-item multiple-~choice test, other testing continued.

Analysis of Free Responses

Data were collected from 660 testees. More than 60 formally different
responses (i.¢., words that were not exactly the same) were obtained for each
of the 20 free-response stems. Due to computer-program limitations, these
raw responses were reduced to the 60 most frequent responses. To complete the
analysis, this number had to be further reduced--immediately to nine categories
and ultimately to six (again because of program limitations).

The many different responses generated by the testees consisted of four
distinct types: 1) frequent responses, both correct and incorrect; 2) misspell-
ings of the frequently used words; 3) variations on the roots of these words
(e.g., "loyal" and "loyalty"”); and 4) infrequent responses not included in Type
2 or 3. To reduce the number of categories, all responses were first ranked in
order of their frequency. Then the most frequent response and other formally
similar responses (7.e., composed of a similar string of letters) were grouped
into a category, using a formal similarity detection technique based on
Alberga's (1967) "algorithm 25" with the recommended threshhold of .12. This
algorithm and threshhold proved best, out of a field of 65 in a simulation
by Alberga, for recognizing misspellings of target words. Visual inspection of
the present data suggested that this technique did indeed recognize misspelled
words. In this study, the technique was used to detect both misspellings and
variations of roots. The Fortran IV subroutine used is included in Appendix A.
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Response clustering continued until eight formally similar clusters (usually
including one "omit" category) had been identified. A final "other" category,
containing all other responses, completed the nine categories manageable by the
programs used at this point in the analysis.

These nine categories were then clustered on the basis of judged semantic
similarity in an attempt to have at least 30 responses in each category (a number
arbitrarily chosen as a minimum for acceptable calibration of the category).
Words that were semantically very similar were clustered; infrequently used and
definitely incorrect words, when present, were clustered with the "omit" category;
infrequent responses not semantically similar to any of the other categories and
not completely incorrect were clustered with the "other" category. The nine
initial categories and their ultimate classifications are presented in Appendix
Table B-1.

An attempt was made to semantically cluster the alternatives of the multiple-
choice items, but no semantic similarity was found. Alternatives were thus
either allowed to stand alone if their frequency of endorsement was high enough
or were grouped into an "other" category if it was not. The multiple-choice
alternatives and their ultimate classifications are presented in Appendix
Table B-2.

Item Calibration

The item responses thus categorized were then calibrated according to Bock's
(1972) polychotomous logistic model using the program LOGOG (Kolakowski & Bock,
1973). Bock's program yields two parameters, a and ¢, for each response category
of each test item. It should be noted that the a and ¢ parameters have
different interpretations than the a and ¢ parameters usually calculated in item
characteristic curve theory (e.g., Lord & Novick, 1968).

Let 7 and j index the I=J categories of a given item. The probability
(gj) of a testee endorsing category j as a function of ability (6) is:

I
P; = il T & (1]
i=]
where
B, =c, 4 aie : (2]

and a, and ¢, represent the parameters corresponding to category i of the item.

The parameters a; and e and the function &% might be psychologically

interpreted as follows: e*l can be thought of as the attractiveness of response

alternative (or category) 7 of the item as perceived by the testee. As P gets
larger, category i becomes more attractive to the testee. But in deciding which
alternative to endorse, the testee must also consider the attractiveness of the




other response alternatives for that item. Thus, according to the model, the
testee's probability of endorsing a category (Equation 1) is equal tc the
attractiveness of a given category divided by the sum of the attractiveness of

all the categories. The functionm, ezi, is a monotonic increasing function of

Z;y and 3; is either a monotonic increasing or monotonic decreasing function of

ability (6) depending on the sign of the parameter a; (Equation 2). As a;

increases in absolute value, a given change in ability is associated with a
larger change in attractiveness. Thus, a, may be thought of as an index of

category disctiningting power. If a; is positive, attractiveness increases

with increasing ability. ¢; can be interpreted as an attractiveness-biasing

parameter. As a category's ¢ parameter increases, the attractiveness of the
category gets larger at all levels of ability. When 6=0, the attractiveness
of the categories is ranked in order of their ¢ parameters.

Calculation of Information

Using the category parameters obtained from the item calibration, item
information was calculated from Samejima's (1969, chap. 6) general equations.
The first and second derivatives of the probability function are given by:

I I
P‘.' P, = zj ¥ 81: o= . 81: g
; ) 3/36 [e iize (c:t'7 at)] / (iize ) [3]
and
P;” = 3%P./30% = &3%7[( ge“i)( gezi(az-az))- 2( gezi(a -a.)) o
¥ ¢ i=1 i=1 e i=1 £
e I 1
( L e"%ap))/( L &21)3 (4]
i=1 i=1

The information provided about ability by an item as a Function of ability
I(8) is then given by Equation 5 where:

J
o ‘z e Cld
I(0) jfl(gj /gj Fy ) [5]

Item information values were calculated from Equation 5 for each multiple-
choice item and eack free~response item at 25 points along the ability continuum
between 6=-3 to 6=+3. For each response format at each of the 25 ability levels,
information values for each of the items were added together to yield a test
information value, and a smoothed curve was passed through these values to yield
the two test information functions.

1ts

Item Parameters

The item parsmeters, a and ¢, along with chi-square goodness-of-fit statis-
tics are shown in Table 1 (free-response) and Table 2 (multiple-choice). Free-
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response items 11 and 19 (Table 1) showed lack of fit with the logistic model
significant at p<.05, but the other items exhibited no significant lack of fit.
Multiple-choice items 12, 17, 18, 19, and 20 (Table 2) showed significant lack
of fit with the model. This lack of fit is probably an effect of guessing,
which Bock's model assumes does not occur. Although testees were given the
opportunity to omit items, it is likely that some guessed anyway; items 17
through 20 were the most difficult items and thus most likely to elicit guessing
behavior. Item 18 showed profound lack of fit and had extremely unrealistic
item parameters in the multiple-choice format. It was therefore excluded from
further analyses in both the multiple-choice and free-response formats.

Information

Smoothed test information functions for both the multiple—choice and free-
response tests are shown in Figure 1. Test information values for both tests
are included in Appendix Table B-3.

Figure 1
Test Information Functions for Two 19-Item Tests
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Figure 1 shows that both tests were too easy for the population to which
they were applied in this study because they provided maximal information at
about 6=1.5; assuming 6 distributed normally with a mean of zero and a standard
deviation of 1.0, the test information function should have peaked at 6=0 to
provide the highest reliability coefficient.




But more importantly, Figure 1 shows that while items administered in the
two response formats provided equivalent amounts of information near ability
levels where the information function peaked, the free-response items yielded
more information at the higher ability levels. Simply removing the effects of
guessing should result in increased information at low-ability levels rather
than at high ones because the effects of guessing are greater at low~-ability
levels (see Figure 20.4.2 in Lord & Novick, 1968). But the free-response
format involves a recall task (rather than a recognition task as in the multiple-
choice test format), and this probably made the items more difficult, thus
shifting the information function to the right.

These information functions should be viewed further in light of the ease
of construction of the two types of items. The multiple-choice items were
undoubtedly written by professional item writers at ETS, selected for their
ability to discriminate ability levels, and were designed with well-functioning
distractors. Beyond selection of the stems (which, in this study, were fixed
by the multiple-choice items), the 20 free-response items required only a
few minutes of computer time to score and about one hour to develop. With
further research, designed to develop guidelines for selection of good stems,
good free-response vocabulary items would be much easier to produce than are
mu” “{ple-choice items.

Conclusions

This study has shown that vocabulary items presented in a free-response
format can provide more information than similar items presented in a multiple-
choice format. There are two probable sources of this superiority. First,
obtaining a correct answer by guessing is not possible using the free-response
format, and information lost, due to the uncertainty about whether testees
answered correctly because they knew the answer or because they guessed, is
recovered. Secondly, more latitude in degree of correctness is present in
free-response items than is typically present in multiple-choice items and a
testee's degree of partial knowledge is easier to ansess. These advantages
apparently overshadowed any deficiencies present in ‘the machine-scoring
algorithm used in this study.

This research was designed as a demonstration that the free-response format
scored by a computer is more informative than the multiple-choice format. It
was not a far-reaching comparison with all other potential response formats.
Future research should compare free-response items with other formats such as
a confidence-weighting format or a probabilistic format. It should also compare
them with multiple-choice items having more alternatives and/or wrong alternatives
graded in difficulty rather than all completely incorrect. (Although scored as if
they were gradable in this study, the alternatives of the items used were not
designed to be graded in difficulty.) Future research should also investigate
the effects of various techniques of semantic clustering and detection of formal
similarity.. The techniques used in this study were probably not optimal for
extracting maximal information from the free-response items (Z.e., the clustering
and similarity detection were clinical in nature and were not explicitly
designed to extract maximum information from the items), and better techniques
should produce results even more favorable to the free-response format.
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APPENDIX A

A Fortran Subroutine for Assessing
the Formal Similarity of Two Words
(from Alberga, 1967)

SUERDV'TINE MATCH CITARG,ITEST,NTALG,NT,SIMZsL)
DIMENSION ITARG(NTARG),»ITESTI(NT),COINC20,20),1COL(Z0)
ROUTINE DETERMINES SIMILARITY BETWEEN TW@ WORLS
ACCORDING TO ALGORITHM 2% REPORTEL IN ALLENGA, 1967,
COMMUNICATIONE OF ACM.
PARAMETEFRS 3
1TARG = ARRAY CONTAINING TALGET WORL - ONE CnahinCTER PEL
COMPUTER WOLL, RIGHT JUSTIFIEL, ZEN@ FILLEL
ITEST = ARRAY CONTAINING TEST WOKL
NTARLG = NUMBER @F CHARGCTERS IN TaKGET WORL
NT = NUMLER @F CHARACTERS IN TEST WKL
SIMYAL = RETURNED SIMILARITY VALUE

re 20 I=1,20

IcoLcl)=0

Lo 20 J=1,20

CPINC1,J)=0.0

ConTINE

C=NTAT.C

T=NT

FILL COINCICENCE MATRIX WITH ROAF VEIGHTS
L2 110 1=]),NTAFG

L@ 110 J=l ,NT

IF C(1TAPGCI) .NE. ITEST(J)) G2 T2 110
CIST=ALS(FLOATCI=1)/CC~1 U)X =FLZAT(J=1)/(T=1.0))
C2INC1,J)=].0-LIST

CONTIN'E

SELECT ELEMENTS ACCORLING TO SLYC »LGOLI TAM
L@ 230 I=1,NTnPG

TESTs~1.0

LoC=0

Lo 210 J=),NT

IF CCOINCI,J) +LTe TEST «0Ofe 1COLCJ) EG. 1) G2 TO ZIU
TEET=COINCLLJ) :
LoCsJ

CeNTINVE

IF (LOC «GT. 0) ICoL(LBC)=]

[P 220 J=],NT

IF (J +EG. L2C) GO T2 220
COINCI,J)=0.0

CoNTINUVE

CONTINUVE

S'™ ACCONCING TO STRING ALGORI TAM
Siv=0.0

Js=)

PPEY=0.0

IF (J .GT. NT) GO TO 400

L2 310 1sl,NTATG

IF (COINCI,J) +GT. 0.0) GO TO 320
CONTINUE

JdsJel

G2 Te 300

PREJsPRE'/+COINCILJ)

SUM=EUMSPLE"

JsJel

lele)

IF (1 «GTs NTARG «@R. J «GTe NT «Ohs COINCI,J) «LE¢ L.U) GO TO JVV
c2 T3 320

HONMALIZE SUM FOR SIMILARITY 'JALUE
CONTINUE

IMAX=NTANG

IF (NT +GT. IMAX) IMAKeNT

XMAX=IMAX g
SIMIALEEUM/C0 o S CXMAXSXMAX ¢ XM/AX) )
RETIMN i

ENL
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APPENDIX B
Table B-1
_Categories and Classifications for each of Twenty Pree-Response Items
Item Category
No. Stem 1 2 3 4 ) 6
1 TOLERABLE bearable (mo response) acceptable patient standadble (other)
okay understand wvithstand
2 ALLEGIANCE loyalty fmo response) support faithfulness patriotiem honor
pledge alliance (other)
3 CATASTROPHE disaster (no response) accident crisis
terridble tragedy ness
chaos
) (other)
4 DIMINISH lessen fade end (other)
decrease reduce disappear
shrink smaller
S TMMACULATE clean (no response) perfect pure neat (other)
spotless huge holy
6 CHRONIC recurring (no response) constant lasting (other)
habitual serious alvays persistent
? HOMAGE respect (o response) tribute praise (other)
honor allegiance worship
adoration
8 YLOG wvhip (no response) punish
beat nistake (other)
lash
spank
flagellate
9 ABHOR hate (no respomse) fear
detest stick hide
dislike (other)
shun
10 IMPEDE uurﬁn (mo response) stop block {other)
hinder obstruct
delay : prevent
11 REPRIMAND scold (mo response) punish (other)
admonish demand discipline
reprove correct
12 ADAGE saying (no response) story (other)
proverd addition cliche
phrase
tale
13 ACCLAIM praise (no response) fame announce (other)
recognition pronounce
homnor
state
14 QUALM doubdt (no response) fight fear (other)
sisgiving argumsent worry
reservation
15 ons sphere (no response) (other)
ball oye
globe peth
16 ALLOT allocate (no response) sive allow (other)
ACKNOWLEDGE (mo response) understand
NOLLIPY Mo )
response P“')
SEDATE alesp
relax
PRCUNLIARY
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Table B2
Categories and Claseifications for each of Twenty Multiple-Choice Items
Iten Cotegory
Wo. Stem 1 2 3 4 5
1 TOLERABLE bearable free
flexible
inferior
(no response)
2 ALLEGIANCE loyalty Teading
legibility
protection
fighting unit
(mo response)
3 CATASTROPHE calamity celebration
charity
termination
prophecy
(mo response)
& DIMINISH lessen flatten
default
underaine
finish
(mo response)
S IMMACULATE spotless fashionable
distinguished
tardy
poverless
(no response)
6 CHRONIC constant cowardly weak
recorded grouchy
(mo mesponse!
7  HOMAGE reverence  -abode s
food
sanhood
Mo response)
8 noc beat itn tresd (no respomsc)
bothe
soak
9  ABNOR detest frighten (no wesponse)
. @accept
urge
. Telease
10 IMrEDE obstruct aummon betray
80 by foot
interrogate
(no response)
1 REPRINAND rebuke refer to higher recall by demand repestedly
suthority contrary send back
order (no responsc /!
12 ADAGE proverd later years custom mental weskness (mo respona '
normal condition
13 AcCAIM epplavd flaunt indemnify elect denounce
(no respovac’
14  QUALM uivgiving  feeling of state of rest shudder duty
shime (ne respome!
ons sphere acepter dome track (no respovac!
spur
ALLOT assign peruit increase
spend
seclude
(no response)
17 ACKNOWLEDGE admit understand learn slowly
exanine with
: care
approve of
; ; (no response)
soure
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Table B-3
Test Information Values for 19-Item
Free-Response and Multiple-Choice Tests

Free Multiple
Theta Response Choice

-3.00 3.591 3.977

~2.75 4.637 4,828

-2.50 5.843 5.771

-2.25 6.995 6.735

-2.00 7.785 7.580

-1.50 8.039 8.342

-1.25 7.926 8.127

-1.00 7.776 7.552

! -.75 7.497 6.723

! -.50 7.056 5.772

ol -.25 6.520 4.816

3 .25 5.344 3.151

i .50 4.718 2.504

.75 4.108 1.986

i 1.00 3.556 1.583

o 1.25 3.081 1.274

o 1.50 2.681 1.039

i 1.75 2.346 .858

3 2.00 2.063 : .718

i 2,25 1.819 <607
: 2.50 1.607 «516 1

2.75 1.420 441

3.00 1.254 <376




Navy

4 Dr. Marshall J. Farr, Director
Personnel & Training Research Programs
Office of Kavay Research (Code 458)
Arlington, VA 22217

1 OiiR Branch Office
495 Surzer Street
Boston, MA 02210
Attn: Or. James Lester

1 ONR Branch Office
1030 East Green Street
Pasadena, CA 91101
Attn: Or. Eugene Gloye

1 OKR Branch Office
§36 S. Clark Strect
Chicago, IL 60€03
Attn: Dr. Charles-E. Davis

1 Dr. M. A. Bertin, Scientific Director
Office of Naval Research
Scientific Liaison Group/Tokyo
American Embassy
PO San andsco 96503

1 Office of Naval Research
Code 200
Arlington, VA 22217 :

6 Commanding Officer
“Naval Research Labaratory
Code 2627

Washington, DC 20390
1 LCDR Charles J. ﬂniun Jr., MSC
4024 o T

Naval Air Devel t Center
Warminster, PA ‘am

1 Cunndin? Officer
U.S. Nay Mlbiws School

1 CDR Pau) D. Nelson, MSC
Naval Medical RED Cmnd (cm “)
Nationa) lluval Medical Center
Bethesda, MD 4

1 Commanding Officer
Naval Health Research Center
San Diego, CA 92152
Attn: Library

1 Chairman, LudcrsMr & Law Dept.
Ofv. of Professfonal Development
U. S. Nava
Annapolis, ¥D 2}

1 Scientific Advisor to thc Chief
of tiaval Personnel ( . Pers Or)

Poom 4410, Arlington Annex
Unhlnm oC

1 Jnk R. hﬂﬂlb'

U. S. vaﬂ MW Schoo)

1 Mr. Maurice wum
(co«

§§

?10’. 2. lh!MnM Havy Yard
MMW. OC 20374

DISTRIBUTION LIST

Office of Civilian Personnel i
Code 342/02 YAP

anhlngton. DC 20390

Attn: Or. Richard J. Michaus

Office ot Civilian Personnel

Code 263

Washington, UC 20390 1
Superintendent (Code 1424)

Naval Postgraduate School

Honterey, 93940 1

Dr. H. M, West I11
Deputy ADCNO for Civilian Planning

and Proyranming (Acting) Army

Room 2625, Arlingum Annex
Washington, DC 203270 1

Mr. George N. Graine
Naval Sea Systems Commund
SEA 047C12

Washington, DC 20362

Chief of Naval Technical 'I'uining
Naval Afr Station Mis (75)
Millington, TN 38054

Attn. Dr. Norman J. Kerr 1

Principal Civilian Advisor

for Educztion and Training
Naval Training Command, Code 00A
Pensacola, FL 32008 1
Attn: DOr. Killiam L. Maloy

Or. Alfred . Suode, Director

Training Amaiysis & Evaluation Group
Departrent of the Mavy 1
Crlarie, FL 32813

Chief of Maval Educaticn and
Training Support (C1A)
Fersacola, Fl. 325C9 1

Mvﬂsum{mea Certer

Code 303
San Diego, CA 92132
Attn: il.. Gary Thomson 1

Navy Personnel R2D Center
Code 01
San Clego, CA 92152
1

A. A. Sjoholm, Head, 'I‘cchﬂiel'l Support
“C:z Pe;unml RED Cente

20
San Diego, CA 92152
Navy Pmel RED Center
Code 3

San Mox: 92152
Attn: Hartin F. Wiskoff

Dr. Robert Morrison
a"z Personnel RED Center

San Dfego, CA 92152

Navy Personnel RED Center !

SlnMOr CA 92182

!ﬂﬂz s o?i 1

Officer-in-Chiige

Havy Occu ational De\elupaert &
Anglysis Certer (0L/C)

bButicing l:.c. “uMw-um Yavy Yard

(/racostia)

Lashington, IC 7224

Dr. John Ford
Navy Personne! RED Center
San Diego, CA 22152

Or. Horth Scanland
Chief of Haval Education & Trainirg
KAS, Pensacola, FL 32508

Technical Director

U.S. Army Rescarch Institute for the
Behavioral & Social Sciences

1300 Hilson Boulevard

mmm. VA 22209

AM Forces Staff College
Norfolk, VA 23511
Attn: Library

Commandant

U. S. Army Infantry School
Fort Cenning, GA 31905
Attn: ATSH-I-V-IT

Counandant

U. S. Ammy Institutc of Administration
Attn: EA

fort EenJuln Harrison, IN 46216

Rnph Duse!
U s. Army Rcselrc.n antitute
1300 Wilson Boulevard
Arlington, VA 22209

Dr. Leon Nawrocki

U.S. Army Rasearch Institute
1300 Wilson Boulevard
Arlington, VA 22209

Dr. Joseph Ward

U.S. Anmay Rescarch Institute
1300 Wilson Boulevard
Arlington, VA 22209

Dr. Ralph Cant:
u. S. Army l«san.h Institute
1300 I‘llun Boulevard
Arlington, VA 22209

. James L
U.S. &m Institute

1300 lﬂm mrd

Arlington, VA
Or. Milton S. Ketz, Chief
Individua) Training &

Performance
Evaluation Technical Area
U.S. Army Resesrch Institute

num ton Soulaverd
nmomn

USAREUR DY of GED
APO New York

ARI Field Unit - Leavenworth
. 0. box 3122
. Leavenworth, KS 66027




1 DCOR, USAADMINCEN
(-ld(' £, A310
Attn, AT21-0ED Library
Ft. Benjamin Harrison, IN 46216

I~

i C!

r_force

-

Rescarch Branch
AFiPC/DPMYP
Randolph AFB, TX 78148

1 AFHRL/AS (Dr. 6. A. Ecmrand)
Wrigat-Patterson AF8

Ohio 45433
1 {}r Harty Rochway (AFHRL/TT)
vy 3

Coler«.c.n 80230
| Instructional Technology Branch
AFHRL

Lowry AFB, CO 80230
ATTN: Major Brian Waters

1 Dr. Alfred R. Fregly
AFOSR/¥L, Building 410
Bolling AFB, DC 20332

1 Dr. Sylvia R. Mayer (NCITz
HQ Electronic Systems Division
LG Hanscom Field -
Bedford, MA 01730

1 AFHRL/PED
Stop £63
Lackland AF8, TX 78236

1 Major Yayne €. Selluan
Chief Personnel Testing
mwcm Y0
Randolph AFB, TX 78148

1 Afr University Library
AUL/LSE 76-443
Maxwell AFB, AL 36112

Harine Corps

1 Director, Office of Manpower
Utflization
1'q, Marine Corps (Coce MPU)
BCE, Building 2009
Quantico, VA 22134

1 Dr. A. L. Slafkosky
Scientific Advisor (Code RD-1)
HQ, U.S. Marine
Washington, DC

Coast Guard

1 Mr. Joseph J. Cowan, Chief
Psychological Research Branch (6-P-1/62)
U.S. Coast m
Kashington, DC

Other Do

1 Or. Harold F. O'Nefl, Jr. ;
Cybernetics m’. n-'m“‘
1400 Wilson Bivé.
Arlington, VA 22209

1 Dr. Pobert Young

Frivanced Resesrch Projects nncy
1400 Viisen Lewiavird

Arlington, VA 22209

1 fir. Frcderick Y. Suffa

Chief, Recruiting and Retention tmmm'

Office of the Assistant Secretary of

Defensc, FIRA
Ruom 3CC70, Perta
Kachingten, CC 20301

12 Devense Documentaiion Cenier

Cameron Station, Bldg. S
Alexandria, VA 22314
Attn: T1C

1 kilitary Assistant for Human Resources
Office ¢f the birector of Defense

Research & Engineering
Roor: 30129, The Pentagon
Kashington, DC 20201

1 Director, Manacerent Information

Systems Office
05D, W&RA
Room 38917, the Pentagon
Washington, DC 20301

Other Government

1 Or. Lorraine D. Eyde
Personnel R&D Center
U.S. Civil Service Conmission
1900 E Street NN
Washington, DC 20415

1 Or. William Gorham, Director
Personnel RZD Center
U.S. Civil Service Commission
1900 E Street N
Washington, DC 20415

1 Dr. Vern Urry
Personnel RAD Center
U.S. Civil Service Commission
1900 € Strect il
Vashington, DC 20415

1 Or. Andrew R. lolmar
Science Education Dev. & Res.
Hational Science Foundation
Washington, OC 20550

1 U.S. Civil Service Commission
Federal Office Building
Chicago Regional Staff Division

Regional Psg:mnog st
230 S. Dearborn Street
CMcago. ll.

Attn: C. lﬂnhﬂc:

1 Dr. Joseph L. Young, Director
Memory & Cognitive Processes
Natfonal Science Foundation
Hashington, OC

Miscellaneous

1 Or. John R. Anderson

07! of Psychology
c mlnrslty

1 Or. Scarvia B. Anderson

Educational Testing Slnlu
Suite 1040

3445 Peachtree Road Nt
Atlanta, GA 30326

1 Pnfnsor Earl A, Alluist

ocp.. of Psyetolesy
01d Dainfon University
Tk, VA 23503

1

Hr. Samuel Ball
Educaticnal Testing Service
Princetor, 1) 08540

Dr. Gerald V. Barrett
University of Akron
Dept. of Psychology
Akron, OH 44325

Or. Bernard Ii. Bass
University of Rochester
Graduate School of l'anagerent
Rochester, KY 14627

Or. John Seeley Brown

Bolt Leranzk and lieviaan, Inc.
50 Moulton Street

Canbridce, A 02132

Dr. Forald P. Carver

Scheol of Edvcation

University of Missouri-Kansas City
5100 Rockhill Poad

Kansas City, M0 64110

Century Research Corporation
4113 Lee ichuay
Arlington, VA 22207

Or. Kenncth E.-Clark
College of Arts & Sciences
University of Rochester
River Campus Station
Rochester, NY 14627

Dr. Norman Cliff

Dept. of Psychology

University of Southiern California
University Park

Los Angeles, CA 90007

Allan M. Collins
lolt Beranek and Newman, Inc.
50 Moulton Street
Cambridge, MA 02138 .

Dr. John J. Collins
Essex Corporation

6305 Cunlnito Estrellado
San Dfego, CA 92120

Pr. Rene V. Dawis
Dept. of Psychology
University of Kinnesota
Minncapolis, MN 55455

Cr. Ruth Day

Dept. of Psychology
Yale University

2 Hillhouse Avenue
New Haven, CT 06520

Cr. Marvin D. Dunnette
Dept. of Psychology

University of Minnesota
Minneapolis, MN 55455

ERIC Fncllity-kquisitions
4833 Rugby Avenue
Bethesda, MD zoou

HlJor I. N. Evonic .
Canad?an Forces Personnel
Applied Research Unit
1107 Avenue Poad
Toronto, Ontario, CANADA




ITJr. ::;h:rd L. :‘:rgvsgn TR

he rican College Testin ran
P. 0. Box 168 e
lowa City, 1A 52240

Dr. Victor Fields
Cept. of Psychology
Montgomery College
Rockville, MD 20850

Dr. Edwin A. Fleishmen

Advanced Rescarch Resources Organization

8655 Sixteenth Street
Silver Spring, MD 20910

Dr. John R. Frederiksen
Bolt Beranek & Newman, Inc.
50 Moulton Street
Cambridge, MA 02138

Dr. Robert Glaser, Co-Director
University of Pittsburgh

3939 0'Hara Street

Pittsburgh, PA 15213

Dr. W. D. Kavron

Human Sciences Research, Inc.
7710 C1d Spring Fuuse Road
West Cote Industriel Fark
McLean, VA 22101

Dr. Duncan Hansen

School of Education
Memphis State University
Memphis, TN 38118

Huzan Resources Research Organization
400 Plaza Bldg.

Pace Blvd. at Fairfield Drive
Pensacola, FL 32505

HumiRO/Vestern Division
27857 Berwick Drive
Carnel, CA 93921
Attn: Library

HumRRO/Columbus Office
Suite 23, 2601 Cross Country Drive
Columlws, GA 31906

Ilh'. Lawrence B. J:h::on

awrence Johnson {a é
Sutte B0 sociates, Inc
2001 S Street MW

Washington, DC 20009

Or. Pogcer A. Kaufman
203 Dodd Hall e
Floric: State Unfversity
Tallahasses, FL 32306

Or. Steven W. Keele
Dept. of Psychology
University of
tugene, 97403

Or. David Klahr

. of n{cmq{
Carnegie-Mellon Universt
Hmw:vl. PA nm" .

Dr. Alma E. Lantz

University of Denver

Denver Research Institute
Industrial Economics Diviston
Denver, €O 80210

Mr. W. E. Lassiter

Data Solutions Corp.

Suite 211, 6849 O1d Dominfon Drive
: VA 22101

’

1

Or. Frederick M. Lord .
Educational Testing Service
Princeton, N 08540

Mr. Brian McNally . -
Educational lesting Service
Princeton, NJ 08540

Dr. Ernest J. McCormick

1 Dr. Benjamin Schneider
Dept. of Psychology
University of Karyland
College Park, MD 20742

‘1 Dr. Mark Reckase

University of Missouri-Columbia
Dept. of Bduc. Psychology
12 Rill Hell

Department of Psychological Sciences Columbia, M 65201

Purdue University
Lafayette, IN 47907

Dr. Robert R, Mackie

Human Factors Research, Inc.
6780 Corton Drive

Santa Barbara Research Park
Goleta, CA 93017

Dr. William C. Hann
University of So. California
Information Sciences Institute
4676 Admiralty Way

Marina Del Rey, CA 90291

Mr, Ediond larks

304 Grange Bldg.

Pennsylvariia State University
University Park, PA 16802

Dr. Leo tunday
Houghton Mifflin Co.
P. 0. Box 1970
Iowa City, IA 52240

Richard T. Mowday ;
College of Business Administration
University of Nebraska, Lincoln
Lincoln, NE 068588

Dr. Donald A. Norman
Dept. of Psychology L-009

University of California, San Diego .

La Jolla, CA 92093

Mr. Luigi Petrullo
2437 N. Edgewood Street
Arlington, VA 22207

Dr. Lyman H. Porter, Dean
Graduate School of Administration
University of California

Irvine, CA 92717

Dr. Diane M. Ramsey-Klee
R-K Research & System Design
3947 R{ t Drive
ralibu, 90265

R.Dir. Ii. Pauch
P14

Bundesministerium der Verteidigung
Postfach 1€1
§3 Bonn 1, GERFALY

Dr. Joseph W, Rigney

Unfversity of So. California
Behavioral Technology Laboratories
3717 South Grand

Los Angeles, CA 90007

Dr. Andrew M, Rose

Aerican Institutes for Research
1055 Thomas Jefferson St. NW
Washington, DC 20007

Or. Leonard L. Rosenbaum, Chairman
Dept. of hgholm

Hontgomery Coll
Rockville, M0 g&o

1 Dr. Robert J. Seidel
Instructional Technology Group,
HumlRO
300 N. Washington St.
Alexandria, VA 22314

1 Dr. Richard Snow
Stanford University
School of Education
Stanford, CA 94305

1 Ftir. Dennis J. Sulliver
c/o Canyon Research Group, Inc.
32107 Lindero Canyon Road
Westlake Village, CA 91360

1:Dr. Keith Wescourt
Dept. of Psychology
Stanford University
Stanford, CA 94305

1 Dr. Anita West
Denver Pesearch Institute
University of Denver
Denver, CO 80201

1 Dr. Earl Hunt
Dept. of Psychology
University of Washington
Seattle, WA 92105

Or. Thomas 6. Sticht

Assoc. Director, Basic Skills
National Institute of Education
1200 19th Street NW
Washington, DC 20208




